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ABSTRACT

Three-dimensional distributions of cloud water are needed for studying cloud physics/microphysics and atmospheric
radiation, and for validating cloud-resolving and large-eddy-simulation models. Cloud tomography offers the promise
of retrieving 3D cloud water distributions using multi-angular microwave emission measurements. The method was
proposed in the 1980s, but neither the technology nor the cloud models were mature enough to make much headway.
Now, the time is ripe for a renewed push. We have created a Tomography Simulator with simulated clouds and
simulated microwave radiometers to show the feasibility of the cloud tomography method.

Our simulations show that a sparse network of ground sensors (2, 4, or 8) does not provide enough information to
unambiguously retrieving cloud structure. It is necessary to employ additional information/constraints as well as
modern numerical methods to beat down the resulting ill-conditioning, in order to get a sufficiently accurate (10% or
better) solution. We demonstrate that mathematical (smoothness and non-negativity), physical (adiabatic limit), and
observational (cloud boundary derived from cloud radar data) constraints can be used to reduce the retrieval
ambiguity.

Discretizing the continuous cloud field into little boxes (pixels) introduces further errors, which in conjunction with
the ill-conditioning make the tomographic retrieval sensitive to both the measurement/numerical errors and the
discretization scheme. We have partially circumvented the discretization problem by using a functional representation
instead of the conventional pixel scheme to approximate the continuous field.

With four state-of-art microwave sensors, the unconstrained algorithm clearly cannot produce reasonable retrieval
(rms error 0.78 gm-3). Adding the smoothness and non-negativity constraints reduces the error to 0.093 gm-3. Further
including the adiabatic constraint produces the most realistic retrieval (rms error 0.070 gm-3). Furthermore, we show
that the addition of radar data can improve the retrieval even further, and allow the use of fewer sensors (say 2) to
obtain the same accuracy as four.

NOTICE: This manuscript has been authored by employees of Brookhaven Science Associates, LLC under Contract No. DE-AC02-
98CH10886 with the U.S. Department of Energy. The publisher by accepting the manuscript for publication acknowledges that the
United States Government retains a non-exclusive, paid-up, irrevocable, world-wide license to publish or reproduce the published form
of this manuscript, or allow others to do so, for United States Government purposes.



